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ADAPTATION OF WEEDS TO MANAGEMENT PRACTICES 
Bob Hartzler 
Professor/Extension Weed Scientist 
Department of Agronomy 
Iowa State University 
Each field has a unique weed community that is composed of several species, and each species is 
composed of numerous biotypes. Every management tactic, whether cultural, mechanical or 
chemical, is more effective on some weeds than others. Those weeds (species or biotypes) highly 
susceptible to a tactic will decline in prevalence, whereas those less affected will increase. Thus, 
weed communities are in constant flux in response to the weed management practices currently 
used. Failure to respond to these weed shifts frequently results in control failures and increased 
management costs. 
The most obvious weed shifts are those related to herbicide use. Early herbicide-induced weed 
shifts in Iowa were the increase in giant foxtail following the introduction of 2,4-D and the 
increase in velvetleaf and cocklebur after the introduction of Lasso and Treflan. Later, we 
experienced herbicide resistant biotypes, such as triazine resistant lambsquarter and ALS-
resistant waterhemp. In most situations it is relatively easy to identify shifts caused by herbicide 
tolerant or herbicide resistant weeds due to the herbicide's high selection pressure. However, 
other biological traits may allow weeds to survive management practices. The presence of these 
adaptive traits illustrates the need for integrated management programs that reduce the likelihood 
of selection of adapted weeds. 
This paper will describe two examples of adaptation within weedy species to factors other than 
herbicides which illustrate ability of weeds to overcome management practices 
Dandelion reproduction Like most perennials, dandelion can reproduce both vegetatively and 
by seed. Dandelion produces a large taproot that may reproduce with buds on the crown or 
when fragmented. Since there are no creeping vegetative reproductive structures as with Canada 
thistle, increases in dandelion density heavily reliant on seed production. Unlike most plants, 
seed in dandelion are produced asexually through a process called apomixis. Dandelion flowers 
are the model of inefficiency since they produce large amounts of pollen and nectar that serve no 
purpose; but obviously the plant is able to overcome these inefficiencies. 
Dandelion is somewhat unique in that it is adapted to survival in perennial sods and agronomic 
fields. The biological traits that favor survival in these habitats are often contradictory, thus a 
trait that favors survival in an agricultural field would be unfavorable for survival in a turf 
setting. Research conducted in the 1970's provides insight on how dandelion accomplishes this 
feat, and is an excellent example of the adaptive nature of weeds (Solbrig and Simpson, 1974; 
Solbrig and Simpson, 1977). 
The two scientists identified three turf habitats on the University of Michigan campus 
characterized by varying levels of disturbance. The high disturbance habitat served as a 
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pedestrian pathway and was mowed weekly. The moderately disturbed habitat was managed 
similarly to the highly disturbed area, but received little foot traffic. The final setting was an 
area along a creek that was only mowed once annually. All sites were within 1/4 mile of each 
other ·and had moderate to heavy dandelion infestations. 
One hundred dandelions were collected from each habitat and biotypes among these plants were 
characterized using isozyme analysis. Four distinct dandelion biotypes (A-D) were identified, 
and the biotypes demonstrated strong preferences for the different habitats (Table 1). Biotype A 
dominated the highly disturbed habitat (73% of the population) but only made up 17% of the 
population in the low disturbance area. Biotype D had the opposite distribution of Biotype A, 
comprising 65% of the population in the low disturbance habitat but was completely absent in 
the highly disturbed habitat. Biotype C did not appear to demonstrate any habitat preference, 
whereas Biotype B was 3 to 4 times more prevalent in the moderately disturbed habitat than the 
other sites. 
Table I . Distribution of dandelion biotypes among three habitats on 
University of Michigan campus. (Solbrig and Simpson. 1974. J. Ecol.) 
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The researchers then evaluated reproductive characteristics of the biotypes since these traits are 
extremely important in the ability of weeds to colonize disturbed areas. These studies were done 
only with Biotypes A and B since they demonstrated a greater habitat preference than the others. 
In one experiment the number of seedheads produced per plant was tracked for the first three 
years after planting under non-competitive conditions. Plants of Biotype A averaged 15 
seedheads/plant in the first year, whereas less than 10% of Biotype D plants produced a single 
flower. When the two biotypes were planted under competitive conditions (adjacent to other 
dandelions), 75% of Biotype A produced flowers whereas only 5% of D produced seedheads. 
In addition to reproductive characteristics, the biomass accumulation of the two biotypes was 
studied. When the two biotypes were grown separately they accumulated similar amounts of dry 
matter. However, when they were grown together Biotype D produced more biomass and also 
had lower mortality rates than biotype A. This indicates that D is a better competitor than A 
when grown in close proximity with other plants. On the other hand, the prolific seed production 
of Biotype A enhances its ability to survive under conditions where frequent disturbance 
eliminates existing vegetation and creates vacant areas where new plants can develop from seed. 
128 
In a second paper the authors further evaluated the ability of the two biotypes to survive under 
different disturbance conditions. Four dandelions (two of each biotype) were planted in 1 m2 
plots in 1970. In mid-summer of 1971 and 1972 three disturbance treatments were imposed: 
I ) No disturbance 
2) All foliage removed from dandelions 
3) Plots tilled to remove all foliage and roots. 
At the end of the fourth year (1974) all dandelions in the plots were harvested and the biomass 
and biotype of each plant was determined. 
As was observed on the University of Michigan campus, Biotype D dominated the plots with no 
disturbance, whereas Biotype A was the predominant plant in disturbed plots (Table 2). In the 
non-disturbed plots, dandelion density increased from 4 plants in 1970 to 84 plants in 1974, with 
85% of the plants being Biotype D. Thus, even though this biotype produces fewer seeds than A, 
its seedlings were better adapted to survival under the competitive conditions created by the lack 
of disturbance and relatively high plant densities. Total dandelion density was much lower in the 
disturbed plots (less than 40 plants) and the increased seed production of Biotype A allowed this 
biotype to dominate these areas. 
Table 2. Effect of disturbance on the occurrence and biomass accumulation 
of two dandelion biotypes. (Solbrig and Simpson. 1977. J. Ecol.). 
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This research illustrates how diversity within dandelion results in plants that are adapted to 
survival in widely varying habitats. Biotype A emphasizes seed production like many annual 
weeds, and thus is adapted to areas where disturbance may eliminate much of the existing 
vegetation. Biotype D was a more efficient competitor than A, and was better suited for areas 
with less disturbance and intense competition from adjacent plants. It is likely that dandelions 
found in corn and soybean fields would have characteristics similar to Biotype A, whereas 
dandelions occurring in home lawns where the dandelion must compete with a dense sod would 
be similar to Biotype D. 
Giant ragweed emergence patterns 
Giant ragweed is a native annual species of the composite (sunflower family) . It infests 
disturbed areas such as floodplains, fencerows and agronomic fields. Giant ragweed is one of 
the earliest emerging annual weeds in Iowa, a trait that has both advantages and disadvantages 
for a weed. The advantage of early emergence is that it allows a plant to get the jump on other 
plants in the area. The earliest emerging plant is able to initially capture the limited resources 
(sunlight, moisture, nutrients) and has the advantage over late emerging plants for the remainder 
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of the growing season. This advantage is evident by the monocultures of giant ragweed seen in 
fencerows , floodplains and other similar areas. 
While early emergence is an advantage in certain habitats, it can be a deteriment in agronomic 
fields. The problem with early emergence is that it may result in the majority of the population 
emerging before the crop is planted. In these situations the weed can be easily managed with 
seedbed preparation tillage or burndown herbicides. Kochia is an example of a weed that 
typically completes emergence before the planting of corn or soybeans. Kochia is a serious weed 
in winter and spring wheat, but rarely is a problem in corn or soybean since it usually completes 
emergence well before planting of corn and soybean. 
Giant ragweed is much more of a problem in the eastern Corn Belt than in the west. It is rated 
the number one weed problem in Ohio, whereas in Iowa most farmers would rank it well below 
waterhemp, foxtail , cocklebur, velvetleaf and lambsquarter. Anedotal evidence suggested that 
differences in emergence patterns might be largely responsible for the disparity in problems 
caused by giant ragweed across the Corn Belt. 
A study conducted during 2002 compared emergence patterns of giant ragweed populations 
collected in Iowa, Ohio and Illinois to determine if this trait might explain why Ohio farmers 
struggle more with this weed than Iowa famers. Giant ragweed seed was collected from three 
agronomic fields in each state and in addition from one undisturbed habitat, such as a floodplain . 
Seed was buried in the fall of 2001 and then seedlings were counted twice a week during the 
2002 growing season. 
Populations collected from ag fields in Ohio responde similarly, as did the populations from 
Iowa, thus the data of the ag populations from these respective states were pooled. On the other 
hand, the three populations from lllinois responded differently, so data from these biotypes are 
presented individually. The populations collected in undisturbed habitats all emerged similarly 
regardless of their state of origin, thus the data for these populations were also pooled. 
There was little difference in the initial date of emergence among the populations (Table 1). 
This may be partially due to the dry conditions in March and early April in central Iowa. Soil 
moisture was limiting when soils first reached temperatures favorable for giant ragweed 
emergence, thus emergence for all populations occurred shortly after rain occurred on April 7. 
The emergence pattern (duration and emergence peaks) of a weed has as much influence on its 
management as the initial date of emergence. A prolonged emergence pattern complicates 
management since weeds continue to emerge after postemergence herbicides have been applied 
or preemergence herbicides have dissipated. There were large differences in both the total days 
of emergence (duration) and the days required to reach 95% emergence among the populations. 
The Ohio ag populations and two of the Illinois populations required at least 50 days to reach 
95% emergence. The Iowa and Illinois 2 population reached 95% emergence in 21 days or less, 
similar to the period required by giant ragweed found in undisturbed habitats. 
The results of these studies suggest an adaptation of giant ragweed that favors survival in 
agronomic fields . The emergence patterns in the Ohio and lllinois 1 and 3 populations 
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complicate management of this weed and increases the likelihood of the survival. The rapid 
emergence of the undisturbed and Iowa populations favor survival in areas where vegetation has 
been eliminated but no control tactics are implemented during the growing season. Studies 
conducted in Illinois in the 1970' s reported that giant ragweed emerged over a very short time 
period. It is likely that management programs used in com and soybean are selecting for 
populations with longer emergence patterns, and that for some reason this characteristic has been 
selected more quickly in the eastern Com Belt. If this is indeed the case, it is likely that we will 
see this trait appear in Iowa populations sometime in the not-to-distant future. 
Table 1. Emergence patterns of giant ragweed populations from three states. Hartzler, Harrison 
and Sprague, 2002). 
Giant Ragweed Po2ulation 
Emergence Undisturbed Ohio1 lllinois 1 lllinois 2 lllinois 3 lowa1 
characteristic habitat 
Initial date of April 14 April 15 April 15 April 13 April 14 April 15 
emergence 
Duration of 45 67 72 66 64 23 
emergence (days) 
Days to reach 95% 15 54 59 21 53 10 
emergence 
1Data for the Ohio and Iowa giant ragweed are means of three populations. 
These two examples illustrate the diversity seen within weedy species. The diversity allows 
weeds to adapt and persist in spite of the intense efforts we use to control them. Whenever we 
over-utilize a weed control tactic, some weed which has a trait that allows it to survive that 
strategy will increase. This is why it is important to utilize integrated weed management 
programs. The use of multiple control tactics reduces the likelihood that any single weed 
species will reach densities that pose economic problems. Thus, even though we will never 
eradicate weeds, economical control programs can be implemented that eliminate the rapid 
fluctuations in weed populations that can occur when simple management programs are utilized. 
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